Age, yr 53.9 (2.64) 32-73 3.45 (0.44) Some of these patients have normal coronary arteries, and serve as controls for the remaining patients, in whom the occurrence and severity of coronary atherosclerosis are objectively defined. This former group of patients is considered to be a better control than a "normal, healthy" population, some of whom may be in an early, symptomless stage of coronary atherosclerosis. We studied a group of such patients to ascertain the relation, if any, between the concentration of selenium in plasma and the severity of the disease. We found a significant inverse relationship between total selenium and severity of coronary atherosclerosis. 
In a recently reported, prospective epidemiological study, a decreased concentration of total selenium in serum was associated with increased risk for coronary heart disease, cardiovascular disease, and myocardial infarction, both fatal and non-fatal (1).
Reportedly (2) , patients with congestive cardiomyopathy also have a significantly lower selenium concentration in their serum than do healthy controls. That in these cases the low concentrations may have resulted from a dietary deficiency of selenium is suggested by a fatal cardiomyopathy in a patient on home parenteral nutrition whose diet was considered to have been selenium deficient (3). Moreover, Keshan disease, a congestive cardiomyopathy affecting mainly children and young women living in seleniumdeficient areas of China, is principally attributed to the low dietary intake of selenium (4, 5) . In recent years, patients requiring cinearteriography because of chest pain have been studied in attempts to correlate biochemical changes with the severity of coronary atherosclerosis.
Some of these patients have normal coronary arteries, and serve as controls for the remaining patients, in whom the occurrence and severity of coronary atherosclerosis are objectively defined. This former group of patients is considered to be a better control than a "normal, healthy" population, some of whom may be in an early, symptomless stage of coronary atherosclerosis. We studied a group of such patients to ascertain the relation, if any, between the concentration of selenium in plasma and the severity of the disease. We found a significant inverse relationship between total selenium and severity of coronary atherosclerosis.
The plasma samples were promptly stored at -20 #{176}C until they were analyzed, in the same order as they were collected, without knowledge of the clinical diagnosis of the donor.
On arteriography, "zero vessel" disease was defined as no narrowing as great as 50% of any coronary arterial lumen visible on the arteriogram; "one-", "two-", or "three-vessel" diseasewas defined as a narrowing of 50% or more in the corresponding number ofthe threemajor coronary arteries or theirbranches.On the basisof these definitions, each patient was assigned to a group by clinical specialists who were independent of this research project.
Total selenium was measured in plasma by converting it to Se', which then was complexed with 2,3-diaminonaphthalene (DAN), to form the fluorescent derivative 4,5-benzopiazselenol. Selenium occurs in plasma as low-molecular-mass compounds, such as the seleno homologs of the sulfur amino acids, and bound to some proteins as seleninic until the solution becomes yellow; let it cool, then add 1.5 mL of 66 mmoIJL hydrochloric acid, which adjusts the pH to between 1.0 and 2.0. Prepare a calibration curve from data obtained by treating known amounts of sodium selenite according to the above procedure, and use the curve to convert measured fluorescence intensities of plasma samples to selenium concentrations. Table 2 presents values for total plasma selenium for the four groups of patients.
Results
Values in each group beyond the 95% confidence level were eliminated according to acceptable statistical criteria, which removed three plasma samples from consideration.
The 91 remaining values for the four groups were compared by Student's t-test and by analysis of variance. The mean plasma selenium concentrations of the patients with twoand three-vessel disease were significantly less (p 0.05) than that of the patients with zero-vessel disease, the control group. The mean value for patients with "one-vessel" disease did not differ significantly from that of the control patients, although the value was less than that for the control group.
Discussion
Thus, total selenium in plasma appears indeed to be inversely related to the severity of coronary atherosclerosis.
However, such a relation does not tell us whether the decrease is a etiologic factor in, or a result of, atherogenesis or the result of some side effects of atherogenesis with no direct relevance to it. The independent information already mentioned (2) (3) (4) (5) makes the last possibility the least probable.
We measured only the total concentrations of the selenium in the plasma. More insight might have been gained had we independently measuredthe concentrations of "organic" or "inorganic" selenium, or the selenium in the erythrocytes, or the activity of glutathione peroxidase (EC 1.11.1.9), an important enzyme that contains selenium. On the other hand, because arterial endothelial cells are thought to be involved in atherogenesis and are undergoing constant, rapid turnover, the total selenium in plasma may be the best measure of the selenium most available for incorporation into these cells.
Were decreased selenium concentrations in the plasma of the patients with severe coronary atherosclerosis due to a dietary deficiency of the element or to a metabolic process? The diet of each patient was, to the best of our knowledge, essentially the ordinary American diet, which is adequate with respect to selenium, so this possibility seems unlikely. More probable is deterioration of liver function, which, whether due to ethanol abuse, or other causes, results in a decrease in plasma selenium (8). The mechanism for this remains obscure but it may be the consequence of decreased concentrations of a-and /3-globulins in the plasma; these globulins are thought to be the carriers of selenium in the plasma (9) and their production in the liver is thought to be depressed in liver disease. However, liver deterioration is currently recognized as neither a cause nor a consequence of atherosclerosis.
Lloyd et al. apparently is a more potent depressant of plasma selenium than is cigarette use, and these two factors apparently act additively in depressing the plasma concentrations of selenium. We emphasize that these data are only qualitative, because our information was confined to whether a patient did or did not smoke cigarettes or drink ethanol and not how much was smoked or drunk.
Our results appear to be even more significantly related to ethanol and cigarette use when each group of arteriographically classified patients is subdivided according to the use of these materials (Table 3) . It is apparent that the decreases in plasma selenium ( Table 2) different, but the trend is the same as that of the values observed for the intact groups. This suggests that decreased values for total selenium in plasma may be associated with coronary atherosclerosis independently of cigarette and ethanol use, but more extensive data will be required to establish this point. Nevertheless, there appears to be little reason to doubt that the use of ethanol and cigarettes does dimmnish the total selenium concentrations in plasma.
These associations of low plasma selenium with ethanol and cigarette use are of great interest, because cigarette use is an accepted risk factor for atherosclerosis, whereas moderate alcohol use may be initially protective because it may increase the concentrations of high-density lipoproteins in plasma. However, alcohol use is also a risk factor for hypertension, which in turn is a prominent risk factor for atherosclerosis.
Is selenium the tissue constituent immediately affected by these two materials in producing their pathological effects?
The manner in which selenium might be involved in atherogenesis can only be conjecturedabout at present. It is an essential component of glutathione peroxidase (11), an enzyme thought to function in the destruction of hydrogen peroxide and other organic hydroperoxides generated during oxidative metabolism. Selenium may therefore be involved in protecting the coronary endothelium from oxidative damage. This idea has been stated more specifically by 
Interestingly, an inverserelationship
has also been observed in humans between serum concentrations of selenium and the occurrence of cancer. In a recently reported prospective study (13) , serum concentrations of selenium in patients who developed cancer within the following five years were significantly less than those of patients who were still cancer-free after five years. This suggests the possibility of a similar type of relationship between plasma concentrations of selenium and both atherosclerosis and cancer. Thomas and Kim (14) have recently reviewed the data that support the possibility that some atherosclerotic proliferation may be a result of the development of occasional neoplastic foci, a concept first proposed by the Benditts (15) . This apparent linkage by a common denominator of the two great disease scourges of modern man lendsurgency to the need for defining the true relationships of selenium to atherosclerosis and cancer.
The mean value found for plasma total selenium concentration in the control patients in this study was 136 gIL (1.72 tmoI!L), which is similar to the values obtained in other studies of humans by fluorometry (6) and neutron activation analysis (13). In two studies in which atomic absorption analysis was used, the total selenium concentrations in plasma of controls were 55 jzg/L (0.70 f-i.molJL) (1) and 80.1 gIL (1.01 pmoliL) (2). In a study in which nickel was used to stabilize selenium in biological samples during atomic absorption analysis, the control group of humans had a mean total selenium concentration of 121 g/L (1.53 j.moIJ L) in plasma (16). Obviously, different analytical methods can produce discrepant results; the need for a proven, reliable method of analysis for selenium is evident.
